have finally overcome this advantage by LiAlH 4 reduction. Moreover, ethyl chloroformate degradation of 6'-hydroxymethyllaudanosine (2) leads to the 3-phenylisochroman ring system, 5 and the LiAlH 4 reduction of the N-methylcarbamate function easily produced the pertinent N,N-dimethylamine derivative 10. This paper will be devoted to the further discussion on the cleavage of 6'-hydroxymethyl-(2) or 6'-hydroxyethyllaudanosine (3), a benzylisoquinoline alkaloid, with various chlorothioformates instead of ethyl chloroformate in order to compare the effect of these reagents with that of ethyl chloroformate on the ring cleavage of above isoquinolines.
The starting materials, 2 and 3, were synthesized from papaverine with trioxane, followed by methyl iodide or ethyl iodide and by sodium borohydride as reported. 6 When 2 was treated with phenyl chlorothionoformate (ClCSOC 6 H 5 ), 4-chlorophenyl chlorothionoformate (ClCSOC6H4Cl), ethyl chlorothiolformate (ClCOSC2H5), and ethyl chlorodithioformate (ClCSSC 2 H 5 ), respectively, the corresponding carbamates 5-8 were prepared in relatively low yield (29-42%) in comparison with the high yield (82%) 7 of carbamates obtained by using ethyl chloroformate under the same reaction conditions. The IR spectra of 5 and 6 exhibit -N-C(=S)-O-bands at 1210 cm −1 and -C-O-C-bands for 6-ring ether at 1100 cm The yields of these reactions are either similar to or greatly different from each other (29-82%, Scheme 1), depending on the structure of the reagents. For this reason the following possibility may be suggested. The reaction begins with the intermolecular nucleophilic attack of N-atom in laudanosines 2 toward the C=S or C=O carbon in the reagents to furnish the quaternary intermediates (e.g. 2a, Scheme 2), which forms the isochroman ring by the intramolecular substitution of the hydroxyl group. Because the C=S carbon is less positively charged than the C=O carbon, nitrogen of the isoquinoline moiety can attack the latter carbon more easily, resulting in the high yield (82%) of carbamate 4. Among the carbamates 5-8, the yield of thiolcarbamate 7 is higher than those of the thionocarbamates 5, 6, 8, and 9, probably because the partial charge of the thiol carbon of ClCOSC2H5 is more positive than that of the other reagents. Analogously to the ring cleavage of 2, 6'-hydroxyethyllaudanosine (3) 5 was also converted with phenyl chlorothionoformate into the corresponding thionocarbamate 9 in low yield (30%).
In addition, when 5 is reduced with LiAlH 4 , the corresponding N,N-dimethylamine 10 was obtained. N-Monomethylamines (e.g. 11, Scheme 3) can serve as a more versatile intermediate than N,N-dimethylamines in alkaloid synthesis. The secondary amine 11, however, could not be directly formed from thionocarbamates 5 under hydrolytic conditions. Although hydrolyses of carbamates with strong acids 8 or bases 9 are commonly known, the isochroman ring in 5 may not be compatible with these hydrolytic conditions (Scheme 3).
Experimental Section
General. Melting points were measured on an Electrothermal IA9100 apparatus and are uncorrected. FT-IR spectra were determined on a Bomem MB 100-10 (nujol). 1 H NMR spectra were recorded on a Varian Gemini200 (200 MHz) in CDCl3 with TMS as an internal standard. Column chromatography and TLC were performed using silica gel 60 (Merck, 70-230 mesh) and Kieselgel 60F254 (Merck), respectively. All chemicals were bought from Aldrich Co. (USA) except solvents.
6'-Hydroxymethyllaudanosine (2). 2 was prepared as reported by us 6 using papaverine (1) 
3-[2'-(β β-N-Phenyloxythiocarbonyl-N-methylaminoethyl)-4'5'-dimethoxyphenyl]-6,7-dimethoxyisochroman (5). 2
(0.6 g, 1.5 mmol) in 1 : 1 chloroform/ether (7 mL) were treated with 15% KOH (7 mL) and phenyl chlorothionoformate (ClCSOC 6 H 5, 0.6 mL, 4.5 mmol) under reflux for 2 h. Another 15% KOH (7 mL) and ClCSOC 6 H 5 (0.3 mL) were added and refluxed for 2 h, then the excess of ClCSOC 6 H 5 was destroyed by heating with 15% KOH (4 mL). After 1 h, the organic layer was separated and removed to give a crude residue which was purified column chromatography with 8 : 1 : 1 benzene/ether/acetone, furnishing 5 as a pale yellow crystal. Yield 30%. mp. 
